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(54) TRANSMISSION DEVICE 

(57) Transmit power calculating section 108 calcu- 
lates transmit power in each of variable amplifiers 1 03-1 
to 103-N based on a transmit power control signal for 
instructing to increase or decrease the transmit power 
and multiplexing allocating section 104 allocates the 



transmit signal to each of transmission amplifiers 1 06-1 
to 1 06-M so that the transmit power calculated in trans- 
mit power calculating section 108 does not exceed a 
threshold for which each of transmission amplifiers 
106-1 to 106-M is set. 



CO 

00 

00 
CO 



CL 
LU 



MOBILE 
STATION 
#1 

201-1 



ANTENNA *1 
•107-1 



f 



106-1 



TRANSMISSION 
AMPLIFIER 



ofir 



105-1 



RAOI 
TRANSMISSION j 
SECTION . 



MOBILE 
STATION 
SN 

201-N 



ANTENNA *M 
s-107-H 

V 



If 



;o6-m 



TRANSMISSION 
AMPLIFIER 



RADio 



105- M 

i 



TRA/1SHISSICN 
SECTION 



104 



103- 



102-1 



101-1 



VARIABLE 
H AMPLIFIER 



22 * 





SPREADING 






SECTION 





MODULATION 
SECTION 



103-N 



102-N 



J VARIABLE 
^ AMPLIFIER 



101-N 



SPREADING J MODULATION 
" SECTION* *j SECTION 



ALLOCATING 
CONTROL 
SECTION 



109 



*r 108 



I PGVEi 
J CALCULAT IRC 
I SEC TICK 



FIG. 1 



Pnnted by Jouve, 75001 PARIS (FR) 



TRANSMISSION 
SYSTEM *1 



TRANSMIT SIGNAL #1 

TRANSMIT POWER 
CONTROL SIGNAL #1 

TRANSMIT SIGNAL IN 

TRANSMIT POWER 
CONTROL SIGNAL SN 

TRANSMISSION 
SYSTEM *N 

TRANSMIT POWER 
CONTROL SIGNAL 81 

TRANSMIT POWER 
CONTROL SIGNAL #N 



1193336A1 I > 



1 



EP 1 193 886 A1 



2 



Description 

Technical Field 

[0001 ] The present invention relates to a transmission 
apparatus that performs transmit power control, and 
more particularly to a transmission apparatus that pro- 
vides transmit signals using an optical fibertransmission 
path. 

Background Art 

[0002] The transmit power control is a technique for 
varying the transmit power adaptively in a transmit-side 
apparatus in order for a receive-side apparatus to obtain 
an optimal received level. The transmit power control 
includes closed-loop transmit power control where the 
receive-side apparatus judges whether to increase or 
decrease the transmit power, and based on the judg- 
ment, the transmit-side apparatus varies the transmit 
power, and open-loop transmit power control where the 
transmit-side apparatus judges whether to increase or 
decrease the transmit power, and based on the judg- 
ment varies the transmit power. With respect to these 
types of transmit power control, an example will be de- 
scribed below where the transmit power control on 
downlink is performed in radio communications be- 
tween a base station and a mobile station. 

<Closed-loop transmit power control> 

[0003] The closed-loop transmit power control will be 
described first. 

[0004] A mobile station receives a signal transmitted 
from a base station, and measures a received SIR (Sig- 
nal to Interference Ratio) of the received signal for each 
slot. The mobile station compares the measured re- 
ceived SIR (hereinafter referred to as "measured SIR") 
with a predetermined received SIR (hereinafter referred 
to as "target SIR") as a target, and when the measured 
SIR is less than the target SIR, transmits a transmit pow- 
er control signal for instructing the base station to in- 
crease the transmit power. On the other hand, when the 
measured SIR is greater than the target SIR, the mobile 
station transmits a transmit power control signal for in- 
structing the base station to decrease the transmit pow- 
er. 

[0005] The base station having received the transmit 
power control signal from the mobile station increases 
or decreases the transmit power according to the con- 
tents of the instruction. Thus, increasing or decreasing 
the transmit power for each slot maintains an optimal 
state of the received level in the mobile station. 

<Open-loop transmit power control> 

[0006] The open-loop transmit power control will be 
described next. 



[0007] A base station receives a signal transmitted 
from a mobile station, and measures received power of 
the received signal for each slot. The base station com- 
pares the measured power with the target power and 

5 when the measured power is less than the target power 
controls a transmission amplifier provided in the base 
station to increase the transmit power. On the other 
hand, when the measured power is greater than the tar- 
get power, the base station controls the transmission 

10 amplifier to decrease the transmit- power. 

[0008] The base station increasing or decreasing the 
transmit power for each slot maintains an optimal state 
of the received level in the mobile station. 
[0009] Performing thus the transmit power control en- 

15 ables a receive-side apparatus to receive a signal with 
an optimal received level., and therefore, the transmit 
power control is an important technique in radio com- 
munications. In particularly, in CDMA (Code Division 
Multiple Access) radio communications, since the chan- 

20 nel capacity is made maximum when the received level 
is the same on each user, the transmit power control 
becomes important. 

[0010] in addition, since a conventional transmit-side 
apparatus multiplexes transmit signals of a lot of users 
25 with one transmission amplifier, the apparatus needs a 
transmission amplifier with a large transmit gain and 
with a wide transmit dynamic range as the number of 
users increases. 

[001 1 ] However, there has been a problem with a con- 
30 ventional transmission amplifier as follows; a distortion 
arises in an amplifier output and a desired amplification 
rate is not obtained when a level of an input signal ex- 
ceeds some level. This problem can be solved by using 
a transmission amplifier with a wide transmit dynamic 
35 range, but such solving causes a problem that the pro- 
duction cost increases. 

Disclosure of Invention 

40 [0012] It is an object of the present invention to pro- 
vide a transmission apparatus capable of obtaining a 
desired amplification rate even in amplifying transmit 
signals of a lot of users, and of being produced with in- 
expensive cost. 

45 [0013] The object is achieved by providing the trans- 
mission apparatus with at least two transmission ampli- 
fiers, and by allocating transmit signals based on the 
transmit power control signal so that loads on the trans- 
mission amplifiers are equal to each other. 

50 

Brief Description of Drawings 
[0014] 

55 F1G.1 is a block diagram illustrating a configuration 
of a transmission apparatus according to a first em- 
bodiment of the present invention; 
FIG.2 is a table showing an example of allocation 
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of transmit signals to transmission amplifiers at the 
time of starting communications; 
FIG. 3 is a table showing an example cf allocation 
of transmit signals to the transmission amplifiers af- 
ter processing on one slot is performed after the 
communications are started; 

FIG. 4 is a table showing an example of allocation 
of transmit signals to the transmission amplifiers af- 
ter processing on 50 slots is performed after the 
communications are started; 

FIG. 5 is a table showing an example of change in 
the allocation of transmit signals to the transmission 
amplifiers; and 

FIG. 6 is a block diagram illustrating a configuration 
of a transmission apparatus according to a second 
embodiment of the present invention. 

Best Mode for Carrying Out the Invention 

[0015] Preferred embodiments of the present inven- 
tion will be described below specifically with reference 
to accompanying drawings. 

(First embodiment) 

[0016] A transmission apparatus according to the first 
embodiment will be described below with reference to 
FIG. 1 . FIG.1 is a block diagram illustrating a configura- 
tion of the transmission apparatus according to the first 
embodiment of the present invention. In addition, a 
number of transmission systems equal to the number of 
transmit signals (the number of mobile stations to com- 
municate) are provided before the multiplexing, and a 
number of transmission systems equal to the number of 
antennas of the transmission apparatus are provided af- 
ter the multiplexing. To simplify the description, FIG.1 
indicates only two systems, i.e., transmission systems 
#1 and #N before the multiplexing, and two systems, i. 
e., transmission systems #1 and #M after the multiplex- 
ing. Further, since each transmission system performs 
the same processing, the description will be performed 
primarily on transmission system #1 with descriptions 
on other systems omitted. 

[0017] As illustrated in FIG.1 , the transmission appa- 
ratus according to this embodiment is comprised of 
modulation sections 101 -1 to 1 01 -N, spreading sections 
102-1 to 102 -N, variable amplifiers 103-1 to 103-N, mul- 
tiplexing allocating section 104, radio transmission sec- 
tions 105-1 to 105-M, transmission amplifiers 106-1 to 
106-M, antennas 107-1 to 1 C7-M, transmit power calcu- 
lating section 108 and multiplexing allocating control 
section 1 09. The transmission apparatus performs com- 
munications with a plurality of mobile stations 201-1 
(mobile station #1) to 201 -N (mobile station #N). Gen- 
erally M is less than N (M<N). Further, mobile station 
201-1 transmits transmit signal #1 and transmit power 
control signal #1 to the transmission apparatus. Similar- 
ly each of the other mobile stations transmits a transmit 



signal and transmit power control signal of the corre- 
sponding number to the transmission apparatus. 
[001 8] The processing on the signal to be multiplexed 
will be described first. 

5 [0019] Modulation section 101-1 performs primary 
modulation such as QPSK on transmit signal #1 to out- 
putto spreading section 1 02-1 . Spreading section 1 02-1 
performs spreading on the output signal of modulation 
section 101-1 to output to variable amplifier 103-1. 

io Based on transmit power control signal #1 from mobile 
station #1 . variable amplifier 1 03-1 amplifies the output 
signal of spreading signal 1C2-1 to output to multiplexing 
allocating section 104. Multiplexing allocating section 
104 multiplexes output signals of variable amplifiers 

15 1 03-1 to 1 03-N, and allocates the multiplexed signal to 
radio transmission sections 105-1 to 105-M according 
to the control of multiplexing allocating control section 
109. 

[0020] The processing on allocated signals will be de- 

20 scribed below. 

[0021] Radio transmission section 105-1 performs the 
predetermined radio transmission processing such as 
D/A conversion on the output signal of multiplexing al- 
locating section 1 04 to output to transmission amplifier 

25 1 06-1. Transmission amplifier 106-1 amplifies the out- 
put signal of radio transmission section 1 05-1 at a pre- 
determined amplifying ratio, and the radio signal is 
transmitted through antenna 107-1. 
[0022] The allocation of the multiplexed signal will be 

30 described below with reference to FIGs.2 to 5. 

[0023] Transmit power calculating section 1 08 calcu- 
lates the transmit power in each of variable amplifiers 
103-1 to 103-M according to instructions for increasing 
or decreasing the transmit power indicated by the trans- 

35 rnit power control signals transmitted from mobile sta- 
tions 103-1 to 103-M, and generates transmit signal al- 
location tables illustrated in FIGs.2 to 5. Each of the 
transmit signal allocation table is indicative of the allo- 
cation of transmit signals to the transmission amplifiers 

40 and the transmit power (on a dBm basis ) in variable am- 
plifiers 103-1 to 103-N. 

[0024] Multiplexing allocating control section 1 09 re- 
fers to the transmit signal allocation table generated in 
transmit power calculating section 1 08, and compares 

45 the total value of transmit power allocated to each of 
transmission amplifiers 106-1 to 106-M with a threshold 
for which each of transmission amplifiers 1 06-1 to 1 -6-M 
is set. Then, when the total value of transmit power ex- 
ceeds the threshold, the section 109 allocates a signal 

50 with the greatest transmit power among the transmit sig- 
nals allocated to the transmission amplifier having the 
total value exceeding the threshold to a transmission 
amplifier having the least total value of transmit power. 
[0025] The method for allocating transmit signals in 

55 multiplexing allocating control section 1 09 will be further 
described with reference to the transmit signal allocation 
tables shown in FIGS. 2 to 5. It is herein assumed that 
a threshold is 120 dBm for which each of transmission 
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amplifiers 1 06-1 to 1 06-M is set. The threshold (respec- 
tive thresholds for which transmission amplifiers 106-1 
to 106-M are set) is determined in consideration of a 
range of transmit gain in which each of transmission am- 
plifiers 106-1 to 106-M is capable of amplifying a signal, 
and a dynamic range for which each of transmission am- 
plifiers 106-1 to 106-M is capable of being set. 
[0026] The transmit signal allocation table is updated 
based on the transmit power control signals transmitted 
from the mobile stations per a unit of control. It is as- 
sumed in this embodiment that the unit of control is one 
slot. 

[0027] The transmit signals are allocated, for exam- 
ple, as shown in FIG. 2 when communications are start- 
ed. FIG. 2 is a table (transmit signal allocation table) 
showing an example of the allocation of transmit signals 
to transmission amplifiers 106-1 to 106-M when the 
communications are started. The transmit power of a 
signal to be transmitted to a mobile station that does not 
perform a communication is 0 dBm. 
[0028] Each of mobile stations 201-1 to 201 -N re- 
ceives a signal transmitted from the base station after 
starting the communication and measures the received 
SIR for each slot. Each mobile station compares the 
measured received SIR (hereinafter referred to as 
"measured SIR") with target received SIR (hereinafter 
referred to as "target SIR"), and when the measured SIR 
is less than the target SIR, transmits the transmit power 
control signal for instructing the base station to increase 
the transmit power. On the other hand : when the meas- 
ured SIR is greater than the target SIR, the mobile sta- 
tion transmits the transmit power control signal for in- 
structing the base station to decrease the transmit pow- 
er. 

[0029] The transmit power control signal transmitted 
from each of mobile stations 201-1 to 201 -N is received 
in a reception section (not shown) of the base station, 
and provided to a respective one of variable amplifiers 
103-1 to 103-N and transmit power calculating section 
108. Transmit power calculating section 108 refers to 
the contents of the instructions of the transmit power 
control signals to update the transmit signal allocation 
table for each slot. For example, when mobile station 
201-1 transmits the transmit powercontrol signal for de- 
creasing the transmit power by 1 dBm, transmit power 
calculating section 108 updates the transmit power of 
transmit signal #1 to 32 dBm in the transmit signal allo- 
cation table. In addition, based on the respective trans- 
mit power control signals, variable amplifiers 1 03-1 to 
1 03-N each increase or decrease the transmit power at 
the time of transmitting a next slot. 
[0030] Transmit power calculating section 1 08 refers 
to the contents of the instruction of the transmit power 
control signal from each of mobile stations #1 to #N to 
updates the transmit signal allocation table for each slot. 
FIG.3 is a table (transmit signal allocation table) show- 
ing an example of the allocation of transmit signals to 
the transmission amplifiers after the processing on one 



slot is performed after the communications are started. 
Referring now to FIG.3, an example will be described 
for updating the transmit signal allocation table in trans- 
mitting one slot after the communications are started. 

5 [0031] Transmit power calculating section 108 re- 
ceives the transmit power control signals each for de- 
creasing the transmit power by 1 dBm from mobile sta- 
tions #1 , #4, #N-2 and #N and calculates the transmit 
power of 32 dBm. Further, transmit power calculating 

10 section 1 08 receives the transmit power control signals 
each for increasing the transmit power by 1 dBm from 
mobile stations #2, #3, #9 and #N-1 and calculates the 
transmit power of 34 dBm. Since mobile station #5 does 
not perform transmission at this control timing, the trans- 

15 mit power thereof is calculated to 0 dBm. Since mobile 
station #7 starts transmission from this control timing, 
the transmit power thereof is calculated to 33 dBm. 
Since mobile station #8 does not perform transmission 
also at this control timing, the transmit power thereof is 

20 calculated to 0 dBm. Transmit power control section 108 
thus calculates the transmit power of all the transmit sig- 
nals, and then updates the transmit signal allocation ta- 
ble as shown in FIG.3. 

[0032] It is assumed that transmit power control cal- 

25 culating section 108 repeats the similar processing on 
50 slots and that the transmit signal allocation table be- 
comes, for example, as shown in FIG.4. FIG. 4 is a table 
(transmit signal allocation table) showing an example of 
allocation of transmit signals to the transmission ampli- 

30 fiers after the transmission apparatus starts communi- 
cations and then performs the processing on 50 slots. 
Since in the transmit signal allocation table illustrated in 
FIG.4, the total transmit power (122 dBm) of transmis- 
sion amplifier 106-1 exceeds the threshold (120 dBm), 

35 for example, multiplexing allocating: control section 109 
allocates transmit signal #3 (46 dBm) with the highest 
transmit power among transmit signals of transmission 
amplifier 1 06-1 to another transmission amplifier. In this 
case, the section 109 selects as an amplifier to which 

40 the signal is allocated, for example, transmission ampli- 
fier 1 06-2 (not shown) with the least total transmit power, 
and, transmits an allocation instructing signal for in- 
structing multiplexing allocating section 104 to allocate 
transmit signal #3 to transmission amplifier 1 06-2. In this 

45 way, transmit signal #3 undergoes the predetermined 
radio transmission processing in radio transmission 
section 105-2 (not shown) and is amplified in transmis- 
sion amplifier 106-2. Multiplexing control section 109 
transmits to transmit power calculating section 108 an 

50 update instructing signal for changing the allocation of 
transmit signal #3 from transmission amplifier 106-1 to 
transmission amplifier 106-2. Transmit power calculat- 
ing section 108 updates the transmit signal allocation 
table to that as shown in FIG.5 based on the update in- 

55 structing signal from multiplexing allocating control sec- 
tion 1 09. FIG.5 is a table (transmit signal allocation ta- 
ble) showing an example of change in the allocation of 
transmit signals to the transmission amplifiers in the 
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transmission apparatus. In this way ; since the total value 
of the transmit power does not exceed the threshold in 
each transmission amplifier levels of signals to be input 
to respective amplifiers are made equal. 
[0033] Based on the allocation instructing signal from 
multiplexing allocating control section 109 (in other 
words, according to the allocation indicated in the trans- 
mit signal allocation table shown in FIG. 5), mulxiplexing 
allocating section 104 multiplexes transmit signals, and 
outputs the multiplexed signal to the radio transmission 
section corresponding to the transmission amplifier al- 
located the signal. For example : transmit signal #3 is 
multiplexed with transmit signal #4, transmit signal #5 
and transmit signal #6, and the resultant signal is output 
to radio transmission section 105-2 (not shown) corre- 
sponding to transmission amplifier 106-2. In this case, 
radio transmission section 105 performs the predeter- 
mined radio transmission processing on the multiplexed 
transmit signal from multiplexing allocating section 1 04 
to output to transmission amplifier 1 06-2. Transmission 
amplifier 106-2 amplifies the transmit signal from radio 
transmission section 105-2 at a predetermined amplifi- 
cation rate, and the amplified radio signal is transmitted 
from a corresponding antenna 107-2 (not shown). 
[0034] Thus, based on the transmit power control sig- 
nals from mobile stations, multiplexing allocating sec- 
tion 1 04 allocates transmit signals so that the signal lev- 
el does not exceed a threshold predetermined in con- 
sideration of an amplification gain and dynamic range 
of each of transmission amplifiers 106-1 to 106-M, 
whereby levels of signals to be input to respective trans- 
mission amplifiers 106-1 to 106-M are made equal. 
[0035] In addition, while FJG.2 shows the allocation of 
transmit signals at the time of starting communications, 
the present invention is not limited to such an allocation. 
It may be possible to allocate transmit signals almost 
equally to transmission amplifiers 106-1 to 106-M. Fur- 
ther, while the threshold of transmit power is set at 120 
dBm, this value may be varied as appropriate to suit a 
configuration of a transmission amplifier. Furthermore, 
in this embodiment is described that the transmit power 
varies as shown in FIGs.2 to 5 corresponding to the 
transmit power control signals, the variation changes 
corresponding to propagation path environments. 
[0036] The operation of the transmission apparatus 
with the above configuration will be described below in 
the case of processing transmit signal #3 as an exam- 
ple. 

[0037] As shown in FIG.2 : transmit signal #3 is allo- 
cated to transmission amplifier 106-1 before the com- 
munications are started. Transmit signal #3 undergoes 
primary modulation in modulation section 101-3 (not 
shown}, and is spread with a spreading code in spread- 
ing section 102-3 (not shown). Since at this control tim- 
ing, transmit power control signal #3 is not transmitted 
from mobile station #3, variable amplifier 103-3 ampli- 
fies the output signal of spreading section 102-3 to a 
predetermined value of 33 dBm to output to multiplexing 
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allocating section 104. Multiplexing allocating section 
104 multiplexes transmit signal #3 with transmit signal 
#1 and transmit signal #2 each allocated to transmission 
amplifier 106-1 to output to radio transmission section 
5 105-1. Radio transmission section 105-1 performs the 
predetermined radio transmission processing on the 
signal output form multiplexing allocating section 104, 
transmission amplifier amplifies the processed signal at 
a predetermined amplification rate, for example, at 1 .5 

10 times to 51 .76 dBm, and the amplified signal is trans- 
mitted from antenna 107-1 to the mobile station. 
[0038] Transmit signal #3 with 51 .76 dBm transmitted 
from the base station is assumed to be measured in SIR, 
for example, at 8 dB in mobile station #3 due to a prop- 

15 agation loss. Target received SIR of mobile station #3 is 
assumed to be 1 0 dB. In this case, since the measured 
received SIR is lower than the target received SIR, mo- 
bile station #3 (not shown) transmits to the base station 
the transmit power control signal for instructing to in- 

20 crease the transmit power by 1dBm. 

[0039] In the base station, the transmit power control 
signal for instructing to increase the transmit power by 
1dBm from mobile station #3 undergoes the predeter- 
mined radio reception processing, and is provided to 

25 variable amplifier 1 03-3 and transmit power calculating 
section 108. Based on the transmit power control signal, 
variable amplifier 103-3 increases the transmit power 
used in the previous transmission by 1 dBm to 34 dBm. 
Further based on the transmit power control signal, 

30 transmit power calculating section 108 updates the 
transmit signal allocation table to that as shown in FIG. 
3. In this case, since the total transmit power (106 dBm) 
of transmission amplifier 106-1 does not exceed the 
threshold ( 1 20 dBm), the allocation of transmit signal #3 

35 is not changed. Accordingly, transmit signal #3 is ampli- 
fied in transmission amplifier 1 06-1 also at time of trans- 
mitting a next slot, and the resultant radio signal is trans- 
mitted. 

[0040] Until the transmission is performed on 50 slots, 

40 since the total transmit power of transmission amplifier 
106-1 does not exceed the threshold, the same process- 
ing is performed. Then, when the transmission of 50 
slots is finished, the transmit signal allocation table is 
assumed to be, for example, as shown in FIG. 4. 

45 [0041] In FIG. 4, since the total transmit power (122 
dBm) of transmission amplifier 106-1 exceeds the 
threshold (120 dBm), multiplexing allocating control 
section 109 allocates transmit signal #3 (46 dBm) with 
the greatest transmit power among transmit signals to 

50 be amplified in transmission amplifier 106-ltotransmis- 
sionamplifier 1 06-2 with the least total transmit power. 
In this way, transmit power calculating section 108, the 
allocation of transmit signal #3 in the transmit signal al- 
location table is changed from transmission amplifier 

55 1 06-1 to transmission amplifier 1 06-2. Further, in multi- 
plexing allocating section 1 04, transmit signal #3 is mul- 
tiplexed with transmit signal #4 : transmit signal #5 and 
transmit signal #6 to be output to radio transmission sec- 
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tion 105-2. The multiplexed signal undergoes the pre- 
determined transmission processing in the section 
105-2 and is amplified in transmission amplifier 106-2, 
and the amplified radio signal is transmitted. 
[0042] Thus, the base station according to this em- 
bodiment is provided with a plurality of transmission am- 
plifiers 106-1 to 106-M and allocates transmit signals so 
that levels of signals to be input to respective transmis- 
sion amplifiers 1 06-1 to 1 06-M are made equal, whereby 
it is possible to decrease distortions arising in outputs 
of transmission amplifiers 1 06-1 to 1 06-M, and to obtain 
predetermined amplification rates. Further, since levels 
of signals to be input to respective transmission ampli- 
fiers 106-1 to 106-M are made equal, the need is elim- 
inated for using a transmission amplifier with a wide 
transmit dynamic range, and as a result, it is possible to 
suppress an increase in cost to a minimum. 
[0043] Moreover, since antennas 107-1 to 107-M are 
provided respectively corresponding to a plurality of 
transmission amplifiers 106-1 to 106-M, no loss occurs 
due to the combining, as compared with a case of com- 
bining signals of a plurality of transmission amplifiers, 
and therefore it is possible to communicate with a lot of 
users with efficiency. 

[0044] In addition, in this embodiment is described the 
case where transmit power control signals are generat- 
ed in a mobile station (the case of the closed-loop trans- 
mit power control). However, the present invention is not 
limited to such a case, and is applicable to the case 
where transmit power control signals are generated in 
a transmission apparatus (the case of the open-loop 
transmit power control). 

(Second embodiment) 

[0045] The second embodiment is a modified exam- 
ple of the first embodiment, and differs from the first em- 
bodiment in converting a multiplexed transmit signal into 
an optical signal to transmit through an optical fiber ca- 
ble. 

[0046] FIG. 6 is a block diagram illustrating a configu- 
ration of a transmission apparatus according to this em- 
bodiment. In FIG.6, the same sections as in FIG.1 are 
assigned the same reference numerals as in FIG.1 to 
omit specific descriptions thereof. 
[0047] As illustrated in FIG. 6, the transmission appa- 
ratus according to this embodiment is comprised of, in 
addition to the sections of the transmission apparatus 
according to the first embodiment, E/O (Electric/Optical) 
conversion sections 601 -1 to 601 -M. wavelength multi- 
plexing section 602, optical fiber cable 603, wavelength 
dividing section 604, O/E (Optical/Electric) conversion 
sections 604-1 to 604-M. 

[0048] E/O conversion section 601-1 converts a 
transmit signal from radio transmission section 1 05-1 in- 
to an optical signal to output to wavelength multiplexing 
section 602. Wavelength multiplexing section 602 mul- 
tiplexes transmit signals respectively from E/O conver- 



sion sections 601-1 to 601 -M, and outputs the multi- 
plexed signal to wavelength dividing section 604 
through optical fiber cable 603. Wavelength dividing 
section 604 divides the multiplexed signal into respec- 

5 tive transmit signals for transmission systems. In other 
words, the section 604 outputs the transmit signal pro- 
vided through radio transmission section 105-1 and EJ 
O conversion section 601-1 to O/E conversion section 
605-1, while outputting the transmit signal provided 

10 through radio transmission section 1 05-M and E/O con- 
version section 601 -M to O/E conversion section 605-M . 
[0049] The operation of the transmission apparatus 
with the above configuration will be described below. 
Each of transmit signals #1 to #N is allocated in multi- 

15 plexing allocating section 1 04 to either of transmission 
amplifiers 106-1 to 106-M, and corresponding to the al- 
location, is output to either of radio transmission sec- 
tions 105-1 to 1 05-M . The allocation of transmit signals 
to the transmission amplifiers is performed under control 

20 of multiplexing allocating control section 1 09 controls in 
the same way as in the first embodiment. A transmit sig- 
nal allocated to radio transmission section 105-1 (for 
example, transmit signal #1 in FIG. 2) undergoes the 
predetermined radio transmission processing, and is 

25 output to E/O conversion section 601 -1 to be converted 
into an optical signal. The optical transmit signal is mul- 
tiplexed in wavelength multiplexing section 602, and is 
output to wavelength dividing section 604 through opti- 
cal fiber cable 603. Then, the signal is divided from the 

30 multiplexed signal in wavelength dividing section 604, 
and is output to O/E conversion section 605-1 to be con- 
verted into an electric signal. The electric transmit signal 
is amplified in transmission amplifier 1 06-1 , and is trans- 
mitted to a mobile station through antenna 107-1 . 

35 [0050] Thus, the transmission apparatus according to 
this embodiment is provided with a plurality of transmis- 
sion amplifiers 106-1 to 106-M and allocates transmit 
signals so that levels of signals to be input to respective 
transmission amplifiers 106-1 to 106-M are made equal, 

40 whereby a distortion does not arise in outputs of the 
transmission amplifiers, and it is thereby possible to ob- 
tain predetermined amplification rates. Further, since 
levels of signals to be input to respective transmission 
amplifiers are made equal , the need is eliminated for us- 

45 ing transmission amplifying means with a wide transmit 
dynamic range, and as a result, it is possible to suppress 
an increase in cost to a minimum. Furthermore, since 
transmit signals are transmitted using an optical fiber ca- 
ble, it is possible to suppress a propagation loss and to 

50 save locations to place transmission fibers. 

[0051] As described above, according to the present 
invention, since it is possible to decrease distortions 
arising in outputs of transmission amplifiers 106-1 to 
1 06-M by allocating transmit signals so that levels of sig- 

55 nals to be input to the transmission amplifiers are made 
equal, it is possible to obtain predetermined amplifica- 
tion rates, and to suppress an increase in cost to a min- 
imum. 
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[0052] This application is based on the Japanese Pat- 
ent Application No.2000-078409 filed on March 21, 
2000, entire content of which is expressly incorporated 
by reference herein. 

5 

Industrial Applicability 

[0053] The present invention is preferable to be used 
in a transmission apparatus that performs transmit pow- 
er control and more particularly to be used in a trans- 10 
mission apparatus that provides transmit signals using 
an optical fiber transmission path. 



Claims 15 

1 . A transmission apparatus comprising: 

at least two transmission amplifying means 
each for amplifying a transmit signal: 20 
transmit power calculating means for calculat- 
ing transmit power in variable amplifying means 
for amplifying the transmit signal, based on a 
transmit power control signal for instructing to 
increase or a decrease the transmit power; and 2s 
multiplexing allocating control means for allo- 
cating the transmit signal to each of said trans- 
mission amplifying means, based on the trans- 
mit power calculated in said transmit power cal- 
culating means. 30 

2. A transmission apparatus comprising: 

at least two transmission amplifying means 
each for amplifying a transmit signal; 35 
transmit power calculating means for calculat- 
ing transmit power in variable amplifying means 
for amplifying the transmit signal, based on a 
transmit power control signal for instructing to 
increase or decrease the transmit power; and 40 
multiplexing allocating control means for allo- 
cating the transmit signal to each of said trans- 
mission amplifying means so that total values 
of the transmit power of said transmission am- 
plifying means to be almost equal to each other 45 
based on the transmit power calculated in said 
transmit power calculating means. 



total value greater than the threshold to another 
transmission amplifying means. 

4. The transmission apparatus according to claim 1 or 
claim 2, wherein said multiplexing allocating control 
means compares the total value of the transmit 
power of each of said transmission amplifying 
means calculated in said transmit power calculating 
means with a threshold for which each transmission 
amplifying means is set, and when judging that the 
total value is greater than the threshold, newly allo- 
cates the transmit signal with the greatest transmit 
power among signals allocated to the transmission 
amplifying means judged to have the total value 
greater than the threshold to another transmission 
amplifying means having the least total value of the 
transmit power. 

5. The transmission apparatus according to either of 
claims 1 to 4, further comprising: 

an optical fiber transmission path through 
which a multiplexed signal obtained by multi- 
plexing transmit signals allocated by said mul- 
tiplexing allocating control means is provided 
to each of said transmission amplifying means. 

6. The transmission apparatus according to either of 
claims 1 to 5, further comprising: 

antennas provided for each of said transmis- 
sion amplifying means. 

7. A base station apparatus provided with the trans- 
mission apparatus according to either of claims 1 to 
6. 

8. A transmission method, comprising, 

calculating transmit power in variable amplifier 
for amplifying a transmit signal, based on a 
transmit power control signal for instructing to 
increase or decrease the transmit power; and 
allocating the transmit signal to each transmis- 
sion amplifier based on the calculated transmit 
power. 



3. The transmission apparatus according to claim 1 or 
claim 2, wherein said multiplexing allocating control 50 
means compares the total value of the transmit 
power of each of said transmission amplifying 
means calculated in said transmit power calculating 
means with a threshold for which each of said trans- 
mission amplifying means is set, and when judging 55 
that the total value is greater than the threshold, 
newly allocates the transmit signal allocated to the 
transmission amplifying means judged to have the 



Amended claims under Art. 19.1 PCT 

1 . (amended) A transmission apparatus comprising: 

at least two transmission amplifying means 
each for amplifying a transmit signal; 
transmit power calculating means for calculat- 
ing transmit power in variable amplifying means 
for amplifying the transmit signal, based on a 
transmit power control signal for instructing to 
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increase or decrease the transmit power; and 
multiplexing allocating control means for allo- 
cating the transmit signal to each of said trans- 
mission amplifying means, based on the trans- 
mit power calculated in said transmit power cal- 5 
culating means, 

wherein said multiplexing allocating control 
means compares the total value of the transmit 
power of each of said transmission amplifying to 
means calculated in said transmit power calculating 
means with a threshold for which each of said trans- 
mission amplifying means is set, and when judging 
that the total value is greater than the threshold, 
newly allocates the transmit signal allocated to the 15 
transmission amplifying means judged to have the 
total value greater than the threshold to another 
transmission amplifying means. 

(amended) A transmission apparatus comprising: 20 

at least two transmission amplifying means 
each for amplifying a transmit signal; 
transmit power calculating means for calculat- 
ing transmit power in variable amplifying means 25 
for amplifying the transmit signal, based on a 
transmit power control signal for instructing to 
increase or decrease the transmit power; and 
multiplexing allocating control means for allo- 
cating the transmit signal to each of said trans- 30 
mission amplifying means, based on the trans- 
mit power calculated in said transmit power cal- 
culating means, 

wherein said multiplexing allocating control 35 
means compares the total value of the transmit 
power of each of said transmission amplifying 
means calculated in said transmit power calculating 
means with a threshold for which each of said trans- 
mission amplifying means is set, and when judging *o 
that the total value is greater than the threshold, 
newly allocates the transmit signal with the greatest 
transmit power among signals allocated to the 
transmission amplifying means judged to have the 
total value greater than the threshold to another 45 
transmission amplifying means having the least to- 
tal value of the transmit power. 

(amended) A transmission apparatus comprising: 

50 

at least two transmission amplifying means 
each for amplifying a transmit signal; 
transmit power calculating means for calculat- 
ing transmit power in variable amplifying means 
for amplifying the transmit signal, based on a 55 
transmit power control signal for instructing to 
increase or decrease the transmit power: and 
multiplexing allocating control means for allo- 



cating the transmit signal to each of said trans- 
mission amplifying means so that total values 
of the transmit power of said transmission am- 
plifying means to be almost equal to each other, 
based on the transmit power calculated in said 
transmit power calculating means, 

wherein said multiplexing allocating control 
means compares the total value of the transmit 
power of each of said transmission amplifying 
means calculated in said transmit power calculating 
means with a threshold for which each of said trans- 
mission amplifying means is set, and when judging 
that the total value is greater than the threshold, 
newly allocates the transmit signal allocated to the 
transmission amplifying means judged to have the 
total greater than the threshold to another transmis- 
sion amplifying means. 

4. (amended) A transmission apparatus comprising: 

at least two transmission amplifying means 
each for amplifying a transmit signal; 
transmit power calculating means for calculat- 
ing transmit power in variable amplifying means 
for amplifying the transmit signal, based on a 
transmit power control signal for instructing to 
increase or decrease the transmit power; and 
multiplexing allocating control means for allo- 
cating the transmit signal to each of said trans- 
mission amplifying means so that total values 
of the transmit power of said transmission am- 
plifying means to be almost equal to each other, 
based on the transmit power calculated in said 
transmit power calculating means, 

wherein said multiplexing allocating control 
means compares the total value of the transmit 
power of each of said transmission amplifying 
means calculated in said transmit power calculating 
means with a threshold for which each of said trans- 
mission amplifying means is set, and when judging 
that the total value is greater than the threshold, 
newly allocates the transmit signal with the greatest 
transmit power among signals allocated to the 
transmission amplifying means judged to have the 
total value greater than the threshold to another 
transmission amplifying means having the least to- 
tal value of the transmit power. 

5. The transmission apparatus according to either of 
claims 1 to 4, further comprising: 

an optical fiber transmission path through 
which a multiplexed signal obtained by multi- 
plexing transmit signals allocated by said mul- 
tiplexing allocating control means is provided 
to each of said transmission amplifying means. 
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6. i he transmission apparatus according to either of 
claims 1 to 5 : further comprising: 

antennas provided for each of said transmis- 
sion amplifying means. 

7. A base station, apparatus provided with the trans- 
mission apparatus according to either of claims 1 to 

6. 

8. A transmission method, comprising. 
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calculating transmit power in variable amplifier 
for amplifying a transmit signal based on a 
transmit power control signal for instructing to 15 
increase or decrease the transmit power; and 
allocating the transmit signal to each transmis- 
sion amplifier based on the calculated transmit 
power. 

20 
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